
APPARATUS AND METHOD FOR FEEDING SLURRY 

BACKGROUND OF THE INVENTION 

The present invention relates to slurry feeding appara- 
tus and method for use in a chemical/mechanical polishing 
(CMP) process of a wafer. 

In recent years, the surface of a semiconductor wafer is 
often planarized by a CMP technique to ensure sufficient uni- 
formity for an interlevel dielectric film, for example, dur- 



10 ing the manufacturing process of transistors on the substrate. 
W; The CMP process is performed using a kind of slurry, where fu- 



med or colloidal silica is dispersed as abrasive grains in an 
alkaline solution of ammonium, for example. 

Figure 8 illustrates a cross section of a known (polish- 
pis ing) slurry feeding apparatus Fl as disclosed in Japanese 
Laid-open Publication No. 10-15822. 

AS shown in Figure 8, the slurry feeding apparatus Fl 
includes tank 101, delivery pipe 102 with a pump 104, flow ra- 
te control valve 103, feeding nozzle 110 and stirrer 106. 
20 Polishing slurry 109 is stored in the tank 101 and delivered 
through the delivery pipe 102 from the tank 101 to a CMP pol- 
isher (not shown). The flow rate control valve 103 is 
provided in the middle of the pipe 102 downstream of the pump 
104. The feeding nozzle 110 is attached to the end of the 
25 pipe 102 for dripping the slurry 109 onto a polishing pad 
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(not shown) of the polisher. And the stirrer 106 with a pro- 
peller is used for stirring the slurry 109. A circulation 
pipe 105 is further provided as a branch from the delivery 
pipe 102 upstream of the valve 103 to circulate the slurry 
5 109 by feeding the slurry 109 back to the tank 101 there- 
through. A heater 107 is further provided on the bottom of 
the tank 101 to regulate the temperature of the slurry 109 
within the tank 101. The temperature of the heater 107 is in 
turn regulated by a heater temperature controller 108. In 
10 polishing a wafer, the opening of the valve 103 is adjusted 
tr^ and a predetermined amount of the slurry 109 is sucked up 
Si from the tank 101 using the pump 104 and then dripped onto 
the polishing pad through the feeding nozzle 110. The remain- 
Q der of the slurry 109 is recovered to the tank 101 through 
#15 the circulation pipe 105. On the other hand, while the pol- 
ishing process is not performed, the valve 103 is closed and 
all the slurry 109 is recovered to the tank 101, thereby cir- 
culating the slurry 109 without delivering it. 

As for colloidal silica, the primary grains thereof have 
20 a tiny size of 20 to 30 nm. But in the polishing slurry 109, 
a certain number of primary silica grains coagulate to form 
secondary grains with a size of 100 to 200 nm. As for fumed 
silica on the other hand, the grain size thereof is 100 to 
200 nm from the beginning (i.e., when they are prepared). 
25 Thus, it is generally believed that these secondary grains 
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with a grain size of 100 to 200 nm actually contribute to the 
polishing process. 

Nevertheless, if an excessive number of abrasive grains 
coagulate together to form grains with a size as large as 
about 500 nm or more, then micro-scratches are possibly made 
on the object being polished. 

Thus, the conventional slurry feteding apparatus Fl al- 
ways circulates the polishing slurry 109 and stirs the slurry 
109 up with the propeller, thereby suppressing the sedimenta- 



''||;i0 tion and coagulation of the abrasive grains in the slurry 

^ Figure 10 illustrates a cross section of a coupling gen- 

erally provided for the piping where the slurry flows in a 

lafti 

p conventional slurry feeding apparatus. By using couplings in 
il5l5 various shapes for the corner or linear portions, piping can 
be formed in a complicated shape and the cross-sectional area 
of the piping and the overall size of the slurry feeding ap- 
paratus can be both reduced. 

It is known that the excessively promoted coagulation of 
20 the abrasive grains (e.g., with a grain size of more than 
about 500 nm) not only causes micro-scratches on the object 
being polished but also decreases the polishing rate. 

Figure 9 is a graph illustrating, in comparison, respec- 
tive polishing rates of Slurry 1 and 2 with mutually differ- 
25 ent concentrations of solid content (abrasive grains) in 
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accordance with results of experiments carried out by the 
present inventors. As can be seen from Figure 9, although 
the solid content concentration of Slurry 1 is only 1% lower 
than that of Slurry 2, the polishing rate attained by Slurry 
5 1 is considerably lower than that attained by Slurry 2. Such 
a decrease in solid content concentration could result from 
the sedimentation of abrasive grains with an excessively in- 
creased size in the tank. Accordingly, it is critical to 
prevent the size of abrasive grains from increasing exces- 
10 sively in order to obtain an appropriate polishing rate. 
St To suppress the coagulation of abrasive grains, the con- 

ventional slurry feeding apparatus has the following draw- 

J 

=j backs. 

p Firstly, the increase in size of abrasive grains in the 

15 slurry 109 cannot be suppressed sufficiently only by stirring 
H= the slurry 109 up using the stirrer 106 with a propeller as 
shown in Figure 8. 

Secondly, the slurry 109 is likely to form puddles here 
and there in the regions Rg of the coupling where two pipes 
20 of the piping are joined together in the slurry feeding appa- 
ratus Fl. This is because there are many gaps and level dif- 
ferences between these pipes in the region Rg as shown in 
Figure 10. As a result, the excessive coagulation of the 
abrasive grains is possibly promoted. 
25 Thirdly, the solidified contents of the slurry 109 are 
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likely to deposit on the inner walls of the tank 101 as the 
level of the slurry solution changes in the tank 101. And 
the solidified slurry 109 once deposited will collapse within 
the tank 101 to increase the size of the grains coagulated. 

Since the size of the abrasive grains is excessively in- 
creased in this manner, the micro-scratches are made on the 
object being polished and the polishing rate thereof de- 
creases or becomes inconstant. 



f Hi ^ 

10 SUMMARY OF THE INVENTION 



An object of the present invention is reducing the num- 
ber of micro-scratches made on the object being polished and 
attaining an intended polishing rate by suppressing the ex- 
cessive increase in size of the abrasive grains. Exemplairy 
15 measures include: improving slurry stirring and circulating 
methods; eliminating gaps and level differences from the in- 
side of piping; and preventing the solidified slurry from be- 
ing deposited on the inner walls of the tank. 

A first exemplary slurry feeding apparatus according to 
20 the present invention is adapted to feed polishing slurry to 
a chemical/mechanical polisher. The apparatus includes: a 
container for storing the slurry therein; a first nozzle for 
sucking the slurry up from the container; a second nozzle for 
recovering the slurry back to the container; a third nozzle 
25 for dripping the slurry in the polisher; a first pipe, which 
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is connected to the first and third nozzles for delivering 
the slurry to the polisher; a second pipe, which is connected 
to the second nozzle and the first pipe for bypassing at 
least part of the slurry flowing through the first pipe from 
the third nozzle and then recovering that part of the slurry 
back to the second nozzle; a control valve for regulating the 
flow rate of. the slurry, which is now flowing through the 
first pipe and will be supplied to the third nozzle and the 
second pipe; a pump, which is provided for at least one of 



If 10 the first and second pipes for making the slurry flow with a 
S pressure applied; and control means for operating the pump 



continuously while the polisher is operating and intermit- 
^ tently while the polisher is idling. 

p According to the first apparatus, it is possible to 



3 15 minimize the number of excessively large-sized abrasive 
grains, which usually result from their collision in the 
slurry due to the pressure applied from a pump. 

A second exemplary slurry feeding apparatus is also 
adapted to feed polishing slurry to a chemical/mechanical 
20 polisher. The apparatus includes: a container for storing 
the slurry therein; a first nozzle for sucking the slurry up 
from the container; a second nozzle for recovering the slurry 
back to the container; a third nozzle for dripping the slurry 
in the polisher; a first pipe, which is connected to the fir- 
25 St and third nozzles for delivering the slurry to the pol- 
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isher; a second pipe, which is connected to the second nozzle 
and the first pipe for bypassing at least part of the slurry 
flowing through the first pipe from the third nozzle and then 
recovering that part of the slurry back to the second nozzle; 
5 a control valve for regulating the flow rate of the slurry, 
which is now flowing through the first pipe and will be sup- 
plied to the third nozzle and the second pipe; and a pump, 
which is provided for at least one of the first and second 
pipes for making the slurry flow with a pressure applied. 
%10 The first nozzle sucks up portion of the slurry that is lo- 
St cated higher than the bottom of the container by a predeter- 

3 

A mined distance or more. 

According to the second apparatus, it is possible to 
H prevent abrasive grains of an excessively large size, which 
yJlS are sedimented easily on the bottom of the container, from 

3 :: 

being sucked up through the first nozzle and then delivered 
to the CMP polisher. 

In one embodiment of the present invention, the first 
nozzle preferably sucks up portion of the slurry that is lo- 
20 cated higher than the bottom of the container by 5 centime- 
ters or more. 

In another embodiment, the end of the first nozzle may 
be cut away obliquely with respect to the axis thereof. 

In an alternate embodiment, the end of the first nozzle 
25 may be closed, and the side of the first nozzle may be provid- 
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ed with a plurality of openings for sucking the slurry up 
therethrough . 

In another alternate embodiment, the apparatus may fur- 
ther include a mechanism for adjusting the level of the first 
5 nozzle at the end thereof. 

A third exemplary slurry feeding apparatus according to 
the present invention is also adapted to feed polishing slur- 
ry to a chemical /mechanical polisher. The apparatus in- 
cludes: a container for storing the slurry therein; a first 

3" 

10 nozzle for sucking the slurry up from the container; a second 
j^^^y nozzle for spraying the slurry into the container; a third 
rji: nozzle for dripping the slurry in the polisher; a first pipe, 
r: which is connected to the first and third nozzles for deliv- 

O ering the slurry to the polisher; a second pipe, which is 

15 connected to the second nozzle and the first pipe for bypass- 

O 

ing at least part of the slurry flowing through the first 
pipe from the third nozzle and then recovering that part of 
the slurry back to the second nozzle; a control valve for 
regulating the flow rate of the slurry, which is now flowing 

20 through the first pipe and will be supplied to the third noz- 
zle and the second pipe; and a pump, which is provided for 
the second pipe for making the slurry flow with a pressure 
applied. The second nozzle sprays the slurry into the con- 
tainer from a position at a predetermined level over the bot- 

25 torn of the container. 
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According to the third apparatus, even if no stirrer 
such as a propeller is provided for the container, the slurry 
in the container can still be stirred up by being sprayed. 
Thus, it is possible to prevent the size of the abrasive 
5 grains from being increased overly due to the unwanted appli- 
cation of excessive energy from the propeller to the grains, 
for example. 

In one embodiment of the present invention, the second 
nozzle may spray the slurry into the container from a posi- 
j!| 10 tion higher than the bottom of the container by 5 centimeters 
^li or less • 

m In an alternate embodiment, the second nozzle may have 

ij an opening with a reduced diameter at the end thereof. In 

O such a case, the slurry can be sprayed at an increased veloc- 
M3 15 ity and therefore the slurry in the container can be stirred 
more effectively. 

In another alternate embodiment, the apparatus may fur- 
ther include a mechanism for adjusting the level of the sec- 
ond nozzle at the end thereof. 
20 In still another embodiment, a plurality of the second 

nozzles may be placed within the container. 

A fourth exemplary slurry feeding apparatus according to 
the present invention is also adapted to feed polishing slur- 
ry to a chemical/mechanical polisher. The apparatus in- 
25 eludes: a container for storing the slurry therein; a first 
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nozzle for sucking the slurry up from the container; a second 
nozzle for recovering the slurry back to the container; a 
third nozzle for dripping the slurry in the polisher; a first 
pipe, which is connected to the first and third nozzles for 
delivering the slurry to the polisher; a second pipe, which 
is connected to the second nozzle and the first pipe for by- 
passing at least part of the slurry flowing through the first 
pipe from the third nozzle and then recovering that part of 
the slurry back to the second nozzle; a control valve for 
regulating the flow rate of the slurry, which is now flowing 
through the first pipe and will be supplied to the third noz- 
zle and the second pipe; and a pump, which is provided for at 
least one of the first and second pipes for making the slurry 
flow with a pressure applied. Each of the first and second 
pipes is provided with no coupling at any intermediate point 
thereof . 

According to the fourth apparatus, level differences and 
gaps involved with a coupling can be eliminated from the cir- 
culation pipe of the slurry. Thus, it is possible to prevent 
the size of abrasive grains from being increased excessively 
due to the slurry puddles. 

A fifth exemplary slurry feeding apparatus according to 
the present invention is also adapted to feed polishing slur- 
ry to a chemical /mechanical polisher. The apparatus includes: 
a container for storing the slurry therein; a first nozzle 
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for sucking the slurry up from the container; a second nozzle 
for recovering the slurry back to the container; a third noz- 
zle for dripping the slurry in the polisher; a first pipe, 
which is connected to the first and third nozzles for deliv- 
5 ering the slurry to the polisher; a second pipe, which is 
connected to the second nozzle and the first pipe for bypass- 
ing at least part of the slurry flowing through the first 
pipe from the third nozzle and then recovering that part of 
the slurry back to the second nozzle; a control valve for 
q^lO regulating the flow rate of the slurry, which is now flowing 
^ through the first pipe and will be supplied to the third noz- 
m zle and the second pipe; and a pump, which is provided for at 
,r least one of the first and second pipes for making the slurry 
p flow with a pressure applied. The radius of curvature at a 
yJl5 corner of the first and second pipes is 5 centimeter or more. 
14 According to the fifth apparatus, the slurry puddles can 

be eliminated from the corners, thus preventing the size of 
abrasive grains from being increased excessively- 

A sixth exemplary slurry feeding apparatus according to 
20 the present invention is also adapted to feed polishing slur- 
ry to a chemical /mechanical polisher. The apparatus includes: 
a hermetically sealed container for storing the slurry 
therein; a first nozzle for sucking the slurry up from the 
container; a second nozzle for recovering the slurry back to 
25 the container; a third nozzle for dripping the slurry in the 
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polisher; a first pipe, which is connected to the first and 
third nozzles for delivering the slurry to the polisher; a 
second pipe, which is connected to the second nozzle and the 
first pipe for bypassing at least part of the slurry flowing 
5 through the first pipe from the third nozzle and then recov- 
ering that part of the slurry back to the second nozzle; a 
control valve for regulating the flow rate of the slurry, 
which is now flowing through the first pipe and will be sup- 
plied to the third nozzle and the second pipe; a pump, which 
■iilO is provided for at least one of the first and second pipes 
J^t for making the slurry flow with a pressure applied; and means 
m for externally supplying a wet ambient gas . 

According to the sixth apparatus, a wet ambient can be 
fj created within the container. Thus, even if the slurry solu- 
#15 tion in the container has changed its level, it is possible 
to prevent any solidified slurry from being formed on the in- 
ner walls of the container. 

A seventh slurry feeding apparatus according to the pre- 
sent invention is also adapted to feed polishing slurry to a 
20 chemical/mechanical polisher. The apparatus includes: a con- 
tainer for storing the slurry therein; a first nozzle for 
sucking the slurry up from the container; a second nozzle for 
recovering the slurry back to the container; a third nozzle 
for dripping the slurry in the polisher; a first pipe, which 
25 is connected to the first and third nozzles for delivering 
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the slurry to the polisher; a second pipe, which is connected 
to the second nozzle and the first pipe for bypassing at 
least part of the slurry flowing through the first pipe from 
the third nozzle and then recovering that part of the slurry 
back to the second nozzle; a control valve for regulating the 
flow rate of the slurry, which is now flowing through the 
first pipe and will be supplied to the third nozzle and the 
second pipe; a pump, which is provided for at least one of 
the first and second pipes for making the slurry flow with a 



%10 pressure applied; and sampling boards, which are attached to 
p the container for extracting the slurry from the contaxner 

m 

m for sampling purposes . 

3 According to the seventh apparatus, the state of the 

slurry can always be monitored. Thus, chemical /mechanical 
?15 polishing can be performed constantly. 

^ In one embodiment of the present invention, the sampling 

boards are preferably attached to the container at upper, in- 
termediate and lower portions thereof. 

A first exemplary method according to the present inven- 
20 tion is adapted to feed polishing slurry to a chemi- 
cal/mechanical polisher. According to the first method, 
while the polisher is operating, the slurry is continuously 
circulated by extracting and delivering part of the slurry 
from a container, where the slurry is stored, to the polisher 
25 and by recovering the remaining slurry, which has not been 
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delivered to the polisher, back to the container. On the 
other hand, while the polisher is idling, the slurry is cir- 
culated intermittently by recovering all of the slurry ex- 
tracted back to the container. 

The same effects as those attained by the first slurry 
feeding apparatus are also attainable by the first method. 

A second exemplary method according to the present in- 
vention is also adapted to feed polishing slurry to a chemi- 
cal/mechanical polisher. The slurry delivered from a 
container to the polisher is located higher than the bottom 
of the container by a predetermined distance or more. 

The same effects as those attained by the second slurry 
feeding apparatus are also attainable by the second method. 

A third exemplary method according to the present inven- 
tion is also adapted to feed polishing slurry to a chemi- 
cal/mechanical polisher. The slurry stored in a container is 
stirred up by spraying the slurry from a position higher than 
the bottom of the container by a predetermined distance with 
a pressure applied from a pump to the slurry in recovering 
the slurry back to the container. 

The same effects as those attained by the third slurry 
feeding apparatus are also attainable by the third method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 schematically illustrates an arrangement of 
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slurry feeding apparatus and CMP polisher according to an ex- 
emplary embodiment of the present invention. 

Figures 2(a) and 2(b) are graphs illustrating respective 
size distributions of abrasive grains before and after the 
5 grains have been stirred up with a propeller. 

Figure 3 is a graph illustrating variations in the medi- 
an size of abrasive grains with a period of time for which 
pumps are operated either continuously or intermittently 
while the polisher is idling. 



'^^^'lO Figure 4 is a graph illustrating correlation between re- 



spective numbers of excessively large grains extracted from 
p the upper, intermediate and lower portions of a conventional 

i 

s slurry bottle and respective numbers of micro-scratches. 

Q Figure 5 is a cross-sectional view illustrating the 

Cns shapes of slurry bottle, suction and spray nozzles and a 

positional relationship among them according to the present 

invention. 

Figures 6(a) and 6(b) illustrate a difference in shape 
and suction region between the suction nozzle according to 
20 the present invention and the conventional suction nozzle at 
respective ends thereof. 

Figure 7 is a graph illustrating the dependence of a wa- 
fer polishing rate on the temperature of the slurry. 

Figure 8 is a cross-sectional view illustrating an ar- 
25 rangement of a conventional slurry feeding apparatus. 
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Figure 9 is a graph illustrating, in comparison, respec- 
tive polishing rates of Slurry 1 and 2 with mutually differ- 
ent solid content concentrations in accordance with results 
of experiments carried out by the present inventors. 
5 Figure 10 is a cross-sectional view of a coupling gener- 

ally provided for a slurry delivery pipe in a conventional 
slurry feeding apparatus. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

^*5|lO Figure 1 schematically illustrates an arrangement of 

M slurry feeding apparatus A and CMP polisher 6 according to an 

fX, exemplary embodiment of the present invention. 

M 

As shown in Figure 1, the slurry feeding apparatus A in- 
b eludes two closed slurry bottles 1, 2, piping 3, wet nitrogen 
#15 generator 4 and respective pipes 5, 41, 42. The piping 3 ex- 
H tends from the slurry bottles 1 , 2 to the CMP polisher 6. 
The generator 4 generates humid nitrogen (or wet nitrogen) to 
be supplied to the bottles 1, 2 through the pipe 5. And ni- 
trogen and pure water are supplied to the generator 4 through 
20 the pipes 41 and 42, respectively. 

A pair of suction nozzles 13a, 13c for sucking the slurry 
30 up from these bottles 1, 2 and delivering it through the 
piping 3 and a pair of spray nozzles 13b, 13d for recovering a 
spray of the slurry 30 to the bottles 1, 2 are inserted into 
25 the bottles 1, 2. Pipes 3a, 3b, 3c and 3d of the piping 3 ex- 
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tend from these nozzles 13a, 13b, 13c and 13d, respectively. 
Specifically, branched delivery pipes 3a and 3c are connected 
to the suction nozzles 13a and 13c, respectively, while 
branched recovery pipes 3b and 3d are connected to the spray 
5 nozzles 13b and 13d, respectively. The pair of branched de- 
livery pipes 3a and 3c are coupled together to form a conflu- 
ent delivery pipe 3e. The confluent delivery pipe 3e branches 
into: a slurry delivery pipe 3x reaching the CMP polisher 6; 
and a confluent recovery pipe 3f. The remaining part of the 
y5io slurry 30, which has not flowed through the confluent delivery 
W; pipe 3e and then the slurry delivery pipe 3x, is recovered 
S through the confluent recovery pipe 3f. That is to say, the 

§^ 

branched recovery pipes 3b and 3d extend from the confluent 

Li: 

fl recovejry pipe 3f toward the slurry bottles 1 and 2, respec- 
i.rU5 tively. 

The slurry feeding apparatus A further includes: an tem- 
perature regulator 12 with heater and cooler for regulating 
the temperature of the slurry 30; and a heat exchange coil 3z 
provided within the temperature regulator 12. Branched in- 

20 coming pipes 3g and 31 extend from the branched delivery pipes 
3a and 3c, respectively, to make the slurry 30 flow through 
the heat exchange coil 32. These branched incoming pipes 3g 
and 31 are coupled together to form a confluent incoming pipe 
3k, which is connected to the inlet port of the heat exchange 

25 coil 32. A confluent outgoing pipe 31 extends from the outlet 



17 



port of the heat exchange coil 3z and branches into branched 
outgoing pipes 3h and 3 j , which are connected to the branched 
recovery pipes 3b and 3d, respectively. 

These pipes 3a, 3b, 3c, 3d, 3g, 3h, 3i, 3j, 3x and 5 are 
5 provided with flow rate control valves 7a, 7b, 7c, 7d, 7g, 7h, 
71, 7 j , 7x and 7y, respectively. 

The branched recovery pipes 3b and 3d are provided with 
slurry recovery pumps 9a and 9b for spraying the slurry 30 
back to the slurry bottles 1 and 2, respectively. 

■Mi 

plO A controller 10 is further provided to control the opera- 

OS 

tions and flow rates of the slurry recovery pumps 9a and 9b. 

a i^- 

5 \l 

m While the CMP polisher 6 is performing chemical /mechanical 

lis 

polishing, the controller 10 continuously operates the slurry 
p recovery pumps 9a and 9b such that the slurry 30 circulates 
^&15 continuously. On the other hand, while the CMP polisher 6 is 
irM idling, the controller 10 starts and stops the slurry recovery 
pumps 9a and 9b intermittently at regular time intervals. For 
example, while the CMP polisher 6 is idling, the controller 10 
operates the slurry recovery pumps 9a and 9b for about five 
20 minutes per hour, thereby circulating the slurry 30. 

To sample the slurry 30, the slurry bottles 1 and 2 are 
provided with two sets of sampling boards 8a, 8b and 8c and 
8d, 8e and 8f, which are provided with valves 15a, 15b and 15c 
and 15d, 15e and 15f, respectively. That is to say, to exam- 
25 ine the size distribution of abrasive grains in the slurry 30, 
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the slurry 30 is ready to be extracted through the sampling 
boards 8a ^ 8b and 8c and 8d, 8e and 8f at the upper, interme- 
diate and lower portions of the slurry bottles 1 and 2. 

In addition, nozzle level adjusters 11a, 11c, lib and lid 
5 are further provided to adjust the levels of the suction and 
spray nozzles 13a, 13c, 13b and 13d, respectively. 

On the other hand, the CMP polisher 6 includes polishing 
platen 62, lower drive shaft 61, polyurethane polishing pad 
63, carrier 65 and upper drive shaft 64. The lower drive 
ij| 10 shaft 61 is provided to rotate the polishing platen 62. The 
fij polishing pad 63 is attached onto the polishing platen 62. 

k^ 

01 The upper drive shaft 64 is provided to rotate the carrier 65 
^ on which a wafer 66 to be polished is placed. And the slurry 

'0 30 is dripped onto the polishing pad 63 through a nozzle (not 

la. 

^0 15 shown) at the end of the slurry delivery pipe 3x. 

A schematic arrangement of the slurry feeding apparatus A 
according to the present invention is as described above. In 
the following description, characteristic members thereof will 
be detailed. 
20 — Stirring method — 

According to the present invention, the slurry 30 is 
stirred up by spraying the slurry 30 through the spray nozzles 
13b and 13d into the slurry bottles 1 and 2 as shown in Figure 
1, instead of providing stirrers such as propellers within the 
25 slurry bottles 1 and 2. This measure was adopted in view of 
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the following results of experiments. 

Figures 2(a) and 2(b) are graphs illustrating respective 
size distributions of abrasive grains before and after the 
grains have been stirred up with a propeller. As shown in 
5 Figure 2(a), before the abrasive grains are stirred up with 
the propeller, the sizes of the grains are distributed within 
a range from 0.06//m to 0.3//m. In contrast, after the grains 
have been stirred up with the propeller, the sizes of the 
grains are distributed within a broader range from 0. 06 jum to 
.jilO 4>um as shown in Figure 2(b). Thus, it can be seen that the 
ST: number of abrasive grains with sizes of 500 nm or more has in- 
m creased. The reason is believed to be as follows. When the 
Si abrasive grains collide against the propeller, the surface 

S state of silica grains might change, e.g., the electrical 
#15 Structure thereof needed for maintaining the dispersion state 
of the abrasive grains might collapse. Accordingly, when en- 
ergy is created locally around the propeller due to its rota- 
tion, abrasive grains are likely to collide against each 
other, thus coagulating and sedimenting an increasing number 
20 of abrasive grains. 

Therefore, if the slurry 30 is stirred up by spraying the 
slurry 30 with circulation pressure applied by the pumps 9a 
and 9b as is done in this embodiment, then the coagulation of 
the slurry can be suppressed. In particular, since the levels 
25 of the spray nozzles 13b and i3d are adjustable using the noz- 
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zle level adjusters lib and lid according to this embodiment, 
the spray nozzles 13b and 13d can be located at such levels as 
attaining maximum stirring effect on the slurry 30 within the 
slurry bottles 1 and 2. 
5 In the example illustrated in Figure 1, only one spray 

nozzle 13b, 13d is provided for each slurry bottle 1, 2, A 
plurality of spray nozzles may be provided for a single bottle 
if necessary to enhance the stirring effects. 

Also, to attain enhanced stirring effects, the spray noz- 

& 

10 zles 13b and 13d are preferably located at respective levels 
fu higher than the bottom of the slurry bottles 1, 2 by 5 centi- 
S meters or less . 

Furthermore, if the end of the spray nozzles 13b and 13d 
O has an opening with a reduced diameter, the velocity of the 

15 slurry 30 sprayed can be increased, thus enhancing the stir- 

f.li 

N ring effect. 

— Intermittent operation — 
Even if the slurry 30 is stirred up by spraying the 
slurry 30 with a pressure applied from the pumps 9a and 9b as 
20 is done in this embodiment, however, a certain amount of 
slurry may be coagulated. This is because no matter whether 
the wafer is being polished by the CMP polisher 6 or not 
(i.e., while the polisher 6 is idling), the abrasive grains 
could collide against each other due to the circulation pres- 
25 sure applied from the pumps 9a and 9b. As a result, the elec- 
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trical structure thereof needed for maintaining the dispersion 
state of the abrasive grains might collapse, thus possibly co- 
agulating the grains. Nevertheless, if the slurry is not 
stirred up at all, then the slurry will be sedimented within 
5 the slurry bottles 1 and 2. As a result, the solid content 
concentration of the slurry becomes non-uniform and it is im- 
possible to polish the wafer uniformly anymore. This phenome- 
non usually appears in 4 8 to 72 hours, which is variable 
.^^^ depending on the type of the slurry used. Accordingly, if the 
'5 10 slurry is not stirred up at all while the polisher is idling, 

ri- 
ft then the slurry 30 must be replaced in every 48 to 72 hours, 

li ' ' ^ 

fS thus creating inconvenience during the polishing process. 
3" To solve such a problem, the controller 10 operates the 

p pumps 9a and 9 intermittently according to this embodiment. 
#15 That is to say, while the CMP polisher 6 is polishing the wa- 
H fer, the controller 10 continuously operates the pumps 9a and 
9b, thereby always circulating, spraying and stirring the 
slurry 30. While the polisher 6 is idling on the other hand, 
the controller 10 operates the pumps 9a and 9b just intermit- 
20 tently to circulate and stir up the slurry 3d at regular in- 
tervals. Specifically, while the polisher 6 is idling, the 
controller 10 operates the pumps 9a and 9b for just about five 
minutes per hour. 

Figure 3 illustrates data about variations in the median 
25 size of abrasive grains with a period of time for which the 
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pumps 9a and 9b are operated either continuously or intermit- 
tently while the polisher 6 is idling. As shown in Figure 3, 
if the pumps 9a and 9b are operated continuously, then the 
median size soon reaches around 0.3 /zm. In contrast, if the 
5 pumps 9a and 9b are operated intermittently, then the median 
size is kept at approximately 0.15//m. 

By intermittently operating the slurry-circulating pumps 
9a and 9b in this manner while the polisher is idling, it is 
possible to effectively prevent the abrasive grains from in- 

^10 creasing their grain sizes. This method is based on an idea 

05 

I":: that the slurry 30 should be circulated for as long a tune as 

a 

p5; needed if the lifetime of the slurry 30 depends on the number 
a of abrasive grains of excessively increased sizes and how long 
p the slurry 30 is circulated. 

y5l5 The following Table 1 illustrates, in comparison, the 

numbers of excessively large grains (with sizes of 500 lun or 
more) contained in each 30 1 of the slurry extracted from 
the upper, intermediate and lower portions of the slurry bot- 
tle, respectively, and the numbers of micro-scratches made on 
20 the wafer being polished using the slurry at these portions 
in accordance with the conventional and inventive stirring 
methods . 
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[Table 1] 





Conventional stirring 


Inventive stirring 


Portion of 


Number of 


Number of 


Number of 


Number of 


Bottle 


Large grains 


Microscratches 


Large grains 


Microscratches 


Upper 


3,590 


23 


44,155 


13 


Intermediate 


115,777 


25 


48,368 


25 


Lower 


368,141 


348 


47,135 


20 



As can be seen from Table 1, according to the conventional 
stirring method, the number of excessively large grains is 
relatively small in the slurry extracted from the upper por- 



5 tion of the bottle. But the numbers of excessively large 
grains are very large in the slurry extracted from the inter- 
mediate and lower portions thereof. Thus, the grains are 
distributed non-unif ormly within the bottle according to the 
conventional method. In contrast, according to the inventive 

10 stirring method, the total number of excessively large grains 
is much smaller in the slurry extracted from the upper, inter- 
mediate and lower portions of the bottle. Also, it can be 
seen that those numbers are averaged no matter which portion 
the slurry is extracted from. 

15 — Nozzle level — 

Figure 4 is a graphic representation of the data shown 
in Table 1. As shown in Figure 4, there are an outstanding 
number of excessively large grains in the slurry deposited on 
the bottom of the bottle according to the conventional 

20 method. Thus, the number of micro-scratches resulting from a 



24 



chemical /mechanical polishing process using such slurry is 
also remarkably high correspondingly. 

Figure 5 illustrates a detailed cross-sectional struc- 
ture of the slurry bottle 1 and nozzles 13a and 13b according 
5 to the present invention. It should be noted that the other 
slurry bottle 2 and nozzles 13c and 13d shown in Figure 1 
have the same structure. 

According to this embodiment, since the slurry is not 
stirred up with the propeller, almost no excessively large 
;;SlO grains are deposited on the bottom of the slurry bottle 1, 2. 

ry However, coagulated silica grains may have been mixed or the 

f ^ 

gi; abrasive grains may have been sedimented in the slurry 30 be- 
H fore the slurry 30 is stirred up. 

P Thus, according to this embodiment, part of the slurry 

tfSlS 30 located in the lower portion of the bottle 1, 2, where 
those excessively large abrasive grains may have been sedi- 
mented, are not sucked up according to this embodiment as 
shown in Figure 5. For example, part 30a of the slurry 30 
located 3 centimeter or more higher the bottom of the bottle 
20 1, 2 may contain almost no excessively large abrasive grains, 
whereas the remaining part 30b of the slurry 30 located less 
than 3 centimeter higher than the bottom of the bottle 1, 2 
may contain a lot of excessively large abrasive grains. 
Thus, if that part of the slurry 30 less than 5 centimeter 
25 higher than the bottom of the bottle 1, 2 is not sucked up. 
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then it is rather probable to prevent the excessively large 
abrasive grains from being delivered to the CMP polisher. 

Also, this effect is enhanced by getting the levels of 
the suction nozzles 13a and 13c adjusted by the nozzle level 
5 adjusters 11a and lib shown in Figure 1. 

— Nozzle shape — 
As shown in Figure 5, the end of the suction nozzle 13a 
has an ellipsoidal cross-sectional shape and has been cut 
away obliquely with respect to the axis thereof. On the oth- 
j|lO er hand, the end of the spray nozzle 13b has a normal circu- 
i{t lar cross-sectional shape and has been cut away vertically 
^ with respect to the axis thereof. 

Figures 6(a) and 6(b) illustrate a difference in shape 
gj and suction region between the suction nozzle 13a according 
yjl5 to the present invention and the conventional suction nozzle 
H at respective ends thereof. As shown in Figure 6(b), the 
conventional suction nozzle with its end cut away vertically 
with respect to the axis thereof is likely to suck the slurry 
up from the vicinity of the bottom of the bottle. Accord- 
20 ingly, the excessively large grains, which are apt to remain 
deposited on the bottom of the slurry bottle, is also likely 
to be sucked up and delivered to the CMP polisher. As a re- 
sult, an increased number of micro-scratches are made on the 
object being polished or the polishing rate adversely de- 
25 creases. In contrast, since the suction nozzle 13a according 
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to the present invention has its end cut away obliquely as 
shown in Figure 6(a), it is possible to prevent the exces- 
sively large grains, which are apt to remain deposited on the 
bottom of the slurry bottle 1, from being sucked up. As a 
result, the number of micro-scratches made on the object be- 
ing polished (i.e., the wafer 66) can be reduced and the de- 
crease in polishing rate can be suppressed. 

Alternatively, the end of the suction nozzle 13a, 13c 
may be closed and provided with a plurality of openings 
around the circumference thereof to suck the slurry 30 up 
therethrough. Similar effects are also attainable in such an 
embodiment . 

— Coupling structure between pipes — 
According to this embodiment, no coupling is provided 
for the joint portion of the piping 3 shown in Figure 1. In- 
stead, the pipes are welded together according to the present 
invention. The confluent pipe and associated branched pipes 
or the bottle and associated pipes are also welded together. 
Furthermore, a corner' of each pipe is curved with a radius of 
curvature of 5 centimeters or more, thereby eliminating pud- 
dles of the slurry 30. 

By adopting such a piping structure, the level differ- 
ences or gaps, which are involved with conventional couplings 
for linear or curvilinear portions of the slurry delivery 
pipes, can be eliminated. In addition, it is also possible 
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to prevent excessively large abrasive grains from being 
formed due to the slurry puddles . 

— Slurry temperature control — 
Figure 7 is a graph illustrating the dependence of the 
5 polishing rate of a wafer on the temperature of slurry. As 
shown in Figure 7, as the slurry temperature rises, the pol- 
ishing rate tends to decrease. However, while the slurry 
temperature is in the range from 2 0"C to 26^0, the variation 
( or dccrease) in polishing rate is gentler. Thus, according 
%10 to this embodiment, the polishing rate can be stabilized by 
pj getting the temperature of part of the slurry 30, which has 
Cili been diverted from its circulation path, controlled by the 
5i temperature regulator 12 shown in Figure 1. 

P — Slurry bottle structure — 

^15 In the slurry feeding apparatus according to the present 

invention, the slurry bottles 1 and 2 are hermetically sealed 
and filled in with wet nitrogen. Thus, it is possible to 
suppress the solidification of the slurry within these bot- 
tles 1 and 2. That is to say, the humidity within the slurry 
20 bottles 1 and 2 is kept as high as 95% or more by NH^OH va- 
porized or wet nitrogen. Accordingly, even if the slurry 30 
within these bottles 1 and 2 has changed its level, almost no 
solidified slurry is deposited on the inner walls of the 
slurry bottles 1 and 2. 
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— Sampling boards attached — 
In addition, the slurry bottles 1 and 2 are provided 
with the two sets of sampling boards 8a, 8b and 8c and 8d, 8e 
and 8f to see if there is any change in the state of the 
5 slurry 30 • Thus, it is possible to expect exactly when the 
lifetime of the slurry 30 would come to an end. Also, appro- 
priate measures can be taken should any abnormality happen. 
Furthermore, a state that is going to cause such abnormality 
can be detected beforehand to prevent the generation thereof. 
'Zw As a result, chemical/mechanical polishing can be performed 
r^j constantly. 

■m In an ordinary semiconductor devxce manufacturing process, 

4? " 

ii as well as in the foregoing embodiinent, silica grains are used 

O as abrasive grains. However, the present invention is in no 
y5l5 way limited to the semiconductor device manufacturing process 
and any appropriate polishing material other than silica is 
naturally usable according to the present invention. That is 
to say, the present invention is applicable to preventing the 
size of abrasive grains from being increased excessively due 
20 to coagulation of the grains contained in some slurry-like 
polishing material. Specifically, the present invention can 
be taken advantage of in producing a semiconductor wafer from 
semiconductor crystals, making a wafer of any other material, 
performing chemical /mechanical polishing during the fabrica- 
25 tion process of any device other than a semiconductor device 
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and conducting any polishing other than chemical /mechanical 
polishing. Examples of polishing materials other than silica 
include cerium oxide, alumina and manganese oxide. 
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